Diagnosing and improving adhesion of advanced packaging and thin films is an essential part of the research and development in microelectronics. In this paper, the four-point bend test and the double cantilever beam test among various adhesion measurement methods are reviewed.
). 
Fabrication of FPB and DCB Specimens
An example of the fabrication of FPB and DCB specimens is as follows. In order to fabricate specimens for fracture testing, the thin-film structures of interest are sandwiched between elastic silicon substrates as shown in .
Once the specimens are bonded, a high speed wafer dicing saw is used to created specimens 3-5 mm in width.
Occasionally a poor surface finish associated with a damaged surface layer results in premature fracture of the substrates before the films debond. For structures that exhibit high fracture energies, further side surface preparation involving polishing of the side surfaces is required to prevent premature failure. In this event, the side faces of the specimens are ground and polished using a colloidal silica slurry with a final particle size of~20 nm.
This results in a near mirror finish which
allows the specimens to be tested.
After dicing and polishing, aluminum loading tabs are attached to the DCB specimens using a high strength epoxy (DP-420, 3M, USA), and a schematic and an optical image of the DCB structure are shown in Fig. 3 
Four Point Bend Test
The FPB geometry was initially developed to study the adhesion of bimaterial interfaces 4, 5) , and it was later adapted to the study of thin-film multilayers 6) . A typical four-point bend specimen is shown schematically in Fig   3(b) . 
where L is the applied moment arm, E' is the plane strain modulus of the substrate, B is the specimen width, and h is the specimen halfthickness (refer to Fig. 3(b) ). The measured value of Gc is used to report the fracture resistance of the interface that failed during the test. Note that the strain energy release rate does not depend on a, the crack length (which happens to be a direct consequence of the fact that the compliance of the four-point specimen is linearly related to crack length).
Therefore it is not necessary to measure the crack length in order to measure fracture energy, which makes the four-point technique particularly simple to carry out in practice.
The FPB technique is a very powerful method for studying near-interfacial fracture properties of thin films. Because of the mode-mixity involved with the loading configuration, the crack is typically driven to one of the interfaces of the thin film of interest. Moreover, by flipping the four-point specimen and pre-notching on the opposing substrate, fracture can be made to occur at the opposite of the thin film of interest to the adjacent layer interface. Thus the technique allows one to selectively probe both interfaces.
Double Cantilever Beam Test
The DCB geometry is often used to investigate fracture properties under nominally pure Mode I loading conditions 7) . A typical symmetric double cantilever beam specimen is shown schematically in Fig. 3(a) , and a representative plot of data from a double cantilever beam experiment is provided in Fig. 6 . As with the four-point bend technique, the double cantilever Following some increment of crack extension, the beam is partially unloaded and then subjected to multiple more loading/unloading cycles as shown in Fig. 6 , in order to obtain multiple compliance curves from which the crack length can be accurately determined using the compliance-based relationship 7) . Note that, unlike with four-point bend, the strain energy release rate of the double cantilever beam loading geometry depends on the crack length, a. The strain energy release rate can be calculated using the following formula 
Environmentally Assisted Crack Growth Experiments
The 
where a0 and P0 are the initial crack length and load and P is the instantaneous load.
Conclusions
In this paper, the four-point bend test and the double cantilever beam test among various adhesion measurement methods are reviewed.
